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SUMMARY

The application of simple sampling procedures to gust data cbtalined
from the P-61 thunderstorm flights at Orlando, Fla. indlcates that the
observed values of the maximum effective gust velocities are, on the
average, Tunctions of the record disftence of cloud survey. The
relationship determined for these data between the maximum effective
gust veloclby and record distanece 1s sueful for meking similar deata
gust velocity and reccrd dlstance is useful for meking simllar date
of smaller extent directly comparabls.

INTRODUCTLION

Flight investigations have yielded considerable data on the
structure and intensity of atmospheric gusts. In the analysis of these
date, an important problem for many purposes has been the deteymination
‘of a relative measure of gust intensity for the atmospheric conditions
invegtigated. For the flight investigations of cumlus-congestus and
cumulo-ninbus clouds, a measurs of gust intenslty extensively used i1s
the maximum effective gust velocity (reference 1l). In the investi-
gatlon of relations betwesn gust and other meteorological varlables
for thesge data, it has been the practice, for lack of better informa-
tion, to use the maximum effective gust veloclty encountered on a
flight as a measure of the true meximum gust velocity for the cloud
surveyed. Inasmuch ag this meassure would appear to be dependent upon
the completeness In time end space of the clouwd survey, questions of
gampling adequacy have arisen. In addition, questions have arisen
concerning the wvalidity of comparing these data wlth date ob sined
Trem other similar investigations.

Recent data obtained from the Thunderstorm Project at Orlando, Fla.
have provided an apporbtunity for evaluating the seampling errors in
the use of the observed value of the maximum effective gust veloclty
obtained from limlted samples of data ag a measurs of the meximum for
the cloud. An investigation was undertaken in an effort to measurs
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the veriations of observed mexlmm effective gust veloclty and thelr
relation to semple size. As & consequence, & simple procedure for
adJusting the maximum effective gust velocities obtalned from
thunderstorn: £light operations for differences in record distance

wvag developed. This procedure removes the effects of dlfferences in
record distance between two sets of data and allows direct comparison
of the gust veloclties.

In view of the present interest in thunderstorm gust data, it is
felt that these results wounld be of interest 4o the warious agpncies
mallng ume of these datae.

ANATYSIS AND RESULTS

- The atmospheric gust date obtained from the Thunderstorm Project
at Orlende, Fla.during the swmer of 1546 represent the most complete
thunderstorm survey date avallable at this time., ¥or each flight
five P-6l airplanes were utilized to mske simultanecous cloud traverses
at flve different altltudes and rielded an average record distance
of 176 miles per flight. A summery of the operating conditions for
these flight swrveys 1s glven in table I.

In an effort to obtaln a measure of the variations of maximum
effectlive pust velocity with sample size, theme dato were assumed
to give complete cloud coverage and a simple random sampling procedurs
wasd utllized o obtain meagursments of the maximum effective gust
veleoclty for samples of various slzes. Cormparison of the maximum
effectlve gust velocitles obtained in thils mammer provides an
empirical. measure of the accuracy of samples of varilous sizes.

RenGom semples of gust reccrd covering 10.2, 20.%, 28.k, 43.5,
and 90,5 milea cf flight were selected from the date for each of the
P-6Ll £lights. The values of the meximum effective gust velocities

| » (.
for each of these samples glven as lUéIlD’ ‘Ué[eo, {Uslrgs |Ve
and |Ué|96 wvere used as estlmates of the maximm effective gust
voloclty for the cloud. Table IT glves a summary of the maximmm
effective gust veloclty measured during &ll traversco of each flight
end the values cobiteined by taking reniom semples of the indicated
record distances from the dsta of each flight. Almo shown are the

. , I

ratios of the sample values of [Ubllo’ IUéIEO’ |Ué|28, Iuéiks’

and 106;96 to the actual measured valuss of 'Uélmax' For the
thls ratlio will hereafter be referred to as

huss

purposes of this paper

the "efficilency ratio. "
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o Figure 1 glves & graphlcal representatlon of the avsrage relation
between the erficiency ratio and the record distance. This cwrve

wag obtained by £itting a logarithmic curve through the flve points
determined from the samples. Also shown in figure 1 are the O67~-percent
and. 95-percent confidence bands (reference 2) which indicate +the
expected limlts of error of the average values of efficlency ratlos
baged on samples of 28 records. The bands shown were derived from

the standsrd deviations of table IT by obbtaining confidence intervels
at the sample record distances of 10.2, 20.%, 28.k, b5.5, and

96.5 miles and fitting smooth curves through these points.

DISCUSSION .

The relation between the averags efficiency ratlio and record
distance shown in figure 1 Iindlicetes that the sample size or record
distance 1s an importent consideration in the accuracy of estimates
of the meximm effectlive gust velocity in & cloud. On ‘the basis of
. the assumption that 176 miles of vecord distance ylelds an accurate

-measure of the effectite gust veloclty in the cloud, it 1ls Indicated

- that the efficiency ratio is approximately 66 percent &t & record
dlstance of 10 mlles and iIncreases to 75 percent at 20 miles,

85 percent at 50 miles, and roughly 92 percent at 100 miles. It
appears, therefore, that samples of amall slze yleld maximum sffectiwe
gust velocities that are considerably below the maximm in the cloud.
As an exammle, for samples of 30 miles, the efficiency ratic obtained
from figure 1 equals 79 porcent. The average value of [Ualmax

' obgerved, therefore, would be only 79 percent of the actual value.

The relation Letween efficlency ratio end record distance shown
in figure 1 can e used to "blow-up"” valuss of |Tg obtained

from flights similer to the P-61 flights and of shorter record distance.
The 176 record miles of the P-51 flight is used as a standard and

data of shorter record distance can be made comparable by obtaining

the blown-up or equivalent values of [Ue[mx. These values are, in

effect, the estimated maximum valuss that would have been encountered
had the record distance been 176 miles. Although estimated values
cbteined by this method glve no assurance of being the sctual
maximum for the cloud, they should, on the average, yield reliable
estimates. The use of 176 miles of record distence &s a standard

is en arbitrery assumption dictated by the limitations of avellable
data. When more sxtenslve date becoms avallable, the present
procedures can be applisd to & new sbtandard.

Consideration of the efficiency reatios in table I indicates
that coneldesrable varietion exlsts in the values obbtained for the
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indiyidﬁal flights for each sample size. The extent of these
varietions provides a measure of the consigtency of the sample values
of 'Uélmax' Analywis of these date indicates that the use of the

relation of figure 1 would yield values of {Uélmax that are, on the

average, 1n error by *25 percent for the sample‘size of 10 mlileg and
10 percent for the sample size of 96 miles. It would therefore
appear that estimates of the maximum effective gust velocity for

a glven.cloud based on the maximums observed in samples of the
present extent can be expected, on the average, to be in error by a
conslderable amount. Furthermore, the amount of average error
appears to be a function of the slze of the sample, decreasing with
increasing sample sizs.

Although individual blown—up estimates of Ue!max my be in

error by a congiderable amount, these errors may be considered largely
random and estimates of average values of Uyl for a large

number of flights, say 20 or more, are Judged to be highly rellable.
The 67~ and 95-percent confidence bands for the average efficiency
ratios based on 28 P-61 flights, which number of flights corresponds

to the extent of the XC-35 alrplane Fflight investigations (reference 3),
ere shown in figure 1. For flights of average record distance of

30 miles, the 95-percent confidence limits indicate a spread of about
+6 percent, about the mean value of 79 percent. It Is also noted in
I'igure 1 that the width of the confidence band incresases as the record
distence decreases. At a record distance of 10 miles, the wildth of the
95.percent confildence bend 18 greater than 16 percent and increases
rapidly with decreasing record distance. It is therefore felt that
gsamples below 10 record miles would genserelly yield poor results. In
addition, the width of the confidence interval will generelly

decrease wlith larger number of record flights as the confidence
interval is Inversely related to the square root of the number of
flighta. : ' '

As the XC-35 flights were made under the same general operating
~conditions as the P-61 flights, the results of the present analysis
would appear applicable. Table I gives a summary of the operating
conditions for the XC-35 flights. The major differences between the
two sets of flights wére the number and types of airplanes used.
While the XC-35 airplane made guccesslve traverses through the cloud .
at different altitudes, the five P-61 airplanss made a more
extensive cloud survey by making simultaneous cloud traverses et
5000-foot intervals in a vertical section of the clouwd. As & result,
the XC-35 investigations yielded an average record distance of 27 miles
per flight ag compared with 176 record miles per flight for the
P-61 investigation.
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On the basgis of the asgurption that the operating conditions
of these two sets of fllights were essentlally similar, the resulis
of the present analysls were espplied to the XC-35 datae. The relation
of flgure 1 was used to obiain the efficiency ratios and the blown-up
values of iUéImax for each XC-~35 flight. ?able I1T glves a swmmary

of the observed valuess of IUEI s Trecord dlstance, efficlency ratlo,
i max

and blown-up or computed values of IUél for each of 28 selscted
max

XC-35 £lighte. These flights represent all the flights through
strong convectlve clouds for which more than 10 record miles of data
were avallable. The valuss of Uy mex obtained in this manner are,

on the average, about 30 percent higher than those actually measured
and average 28.4 feet per second as compared to an average measured
value of 21.2 feet per second. The use of the 95-percent confidence
band of figure 1 at & record distance of 27.k miles Indicates that
the average value of |Uélmax can be expected to be wlthin *2 feet

per second of the actual wlue.

Ag a mattor of interest, the application of the present method
Indlicates that if as complete surveys had been meade in the vicinity
of Langley Field, Va., as were made in Florida, the average maximum
effective gust velocity would have been greater by about 17 percent
than the average value of 24,3 feet per second obtained for the .
Florida storms.

CONCTIUSTIONS

] 1, The wvalue of the maximum effective gust veloclty ebtained-
from sample surveys of cumulo-nimbus flights is, on the average, a
Tunction of the sample slze or record distance of cloud survey.
This relation would appear of use In adjusting dats from eimilar
investigations for differences in record distence, thereby making
direct comparigon proper.

2. Tha accuracy of estlmstes of the maximum effective gust
veloclty for a given cloud based on the maximum velocity observed
during a survey flight is, on the average, a function of the record
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distance of cloud survey. Wilthin the scope of the date presented,
egtimates of the average reximum effective gust veloclty for a
large number of flights,say 20 or more, appear hlghly reliable.

Langley Memorlal Asronautical Laborstory
National Advisory Commltitee for Aeronautics

Langley Fleld, Va.
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TABLE I

SUMMARY OF OPERATING CONDITIONS
FOR XC-35 AND P-61 AIRPLANE THUNDERSTORM FLIGHTS

Operating conditions P-bl XC-35
Locality of tests Orlando, Fla. Langley Field, Va.
Number of airplanes 5 1
Number of flights 38 28
Average number of traverses
per flight 12.8 &.6
Average record time per
flignht, minutes 59 12.2
Averzge indicated airspeed,
mph 180 135
Average record distance,
mlles 176 27.4
Beason and year Summer 1946 Spring and summer
1941, 1942
Time of day Af ternoon Afternoon
Survey plan Simultaneous Buccessive storm
storm cloud ocloud surveya at
surveys at altitudes up to
5000-foot 30,000 feeot.

intervals from
6000 to 26,000
rfeet.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



TABLE II
SUMMARY OF MAXINUM EFFECTIVE GUST VELOCITIES FOR P-b6l FLIGHTS
AND VALUES OBTAINED BY SAMPLES OF 10, 20, 28, 45, AND 96 RECORD NILES

NACA RM

No.

LTH27

Samples of indloated record distance
1C miles 20 piles o2 _milas 1oy 96

- - - ffi- | Ug BEffi-
PLight | Uelnay [ Poho eg:ey [Pel20 Tg:ée’ Pelog | oTTt or el ciionc;r "%i96 | siency
number | (o) | (fps) | Tatle (rps} |Tatio {tps) ratio (rps) ratio {rps) ratio
1 20.7 16.3 | ¢.787 17.& |0.860 17.3 | 0.838 20.7 | 1.000 18.5 | .s94

2 21.0 9.2 438 15.7 | 747 13.4 | .e3% 21.0 | 1.000 21.0 [ 1.000

3 1.3 8.4 587 12.8 | .895 12.8 | .895 12.5 | .&7% 1l.6 | .s11

4 24.6 11.9 e 19.8 | .692 28.3 | .990 21.% | .7us 286.3 | .990

5 25.5 25.5 | 1.000 1.0 | 549 22.7 | .890 22.7 | .890 25.5 | 1.000

& 25.2 18.4 730 25.2 |1.000 16.3 | .e47 8.9 | .750 25.2 | 1,000

7 28.4% 15.0 .528 15.4% | .sa2 28.4 | 1.000 28.4 | 1.000 2.4 | 1.000

s 31.6 12.3 -579 24.8 | 785 24,8 ) .785 21.1 | .668 2h. 8| .785

9 17.1 1.9 871 17.1 {1.000 7.1 |1.000 17.1 [1.000 17.1 | 1.000
10 23.1 11.9 .515 17.6 | .762 19.6 | .ska 23,1 | 1.000 19.6 | .848
11 3.4 23.4 | 1.000 17.6 | .7%2 .2 | .607 23.4 | 1.000 20.2 | .%63
12 31.0 19.9 642 15.2 | .kgo 26.6 | .&58 22,2 | .716 26.6 | .858
13 23.5 11.§ .502 19.7 | .838 23.5 |1.000 23.5 | 1.000 23.5 | 1.000
1h 26.3 20.4 776 13.3 | .506 12.0 | 456 16.5 | .627 2r.t | .&14
15 16.9 1,0 . 826 k.0 | .828 16.9 [1l.000 15.0 | .88% 15.0 | 888
16 20.8 16.8 808 19.8 | .952 18.6 | .894 1%5.0 | .865 19.9 [ .557
17 22.1 21.8 .986 13.7 | .620 1%8.7 | .846 16.2 | .733 21.& | .986
18 21.3 12.6 .592 18.9 | .sa7 19.3 | .906 20.2 | .94g 21.3 | 1.000
19 24.7 24.7 | 1.000 1.8 | .761 2.7 |1.000 24.7 |1.000 24.7 | 1.000
20 ou.8 15.0 .605 18.9 | .762 14.9 | .762 17.8 | .7182 21.0 | .847
21 3.2 2.5 641 22.4 | .586 29.3 | .767 28.3 | .7¥1 29.3t 767
22 24,3 1.2 584 19.0 | .782 24,3 |1.000 20.9 | .860 20.9 | .860
23 19.0 11.4 .600 15.3 | .805 15.3 | .%05 11.2 | .5%9 1$.0 | 1.000
2 27.3 15.6 571 27.3 |1.000 19.3% | .707 27.3 {1.000 23.9 | .875
25 24,2 17.1 .707 24,2 |L.000 15.7 | .649 5.8 | .777 2h.2 | 1.000
26 35.5 29.5 831 18.8 | .53 24.6 | .806 22.9 | .645 32.2 ) .933
27 31.5 13.8 A3 29.2 | .927 17.0 | .5%0 4.8 | 470 .8 | .470
28 27.8 8.7 .313 13.2 | 475 14,8 [ .532 19.3 | .694 15.1 | .651
29 17.5 13.4 .766 15.2 | .%69 15,2 | .869 17.5 |1.000 17.5 | 1.000
30 21.7 20.6 .glg 13.2 | .608 15.0 | .691 21.7 {1.000 21.5| .991
31 20.3 10.0 493 15.3 | .754 20.3 }{1.000 16.6 | .818 20.3 | 1.000
32 17.9 6.0 .335 6.9 | .385 11.8 | .659 17.9 |1.000 17.9 | 1.000
33 31.0 10.7 345 19.3 | .62% 20.9 | 674 19.1 | .61le 27.9 { .g00
34 20.1 11.5 .572 4.0 | .697 16.2 | .806 20.1 |1.000 20.1 | L.co0
35 21.6 11.7 542 20.5 | .949 20.2 | .935 20.2 } .935 20.5 | .949
36 25.2 20.1 . 798 22.6 | .897 20.6 | .87 25.2 |1.000 22.6 | .497
37 19.7 1%.8 .954% 18.8 | .954 19.7 |1.000 19.7 11.000 19.7 |1.000
38 30.3 12.2 403 18.7 | .617 20.7 | .683 19.9 | .657 19.9 | .657
Average 24.70 | 15.79| .59 18.00( .755 19.45 .811 20.15) 848 21.7 | .908

Standard
devi- .199 .167 .152 .155 .118
ation

NATIONAL ADVISORY

GCOMMITTEE FOR AERONAUTICS
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TABLE III

SUMMARY OF MEASURED AND COMPUTED VALUES

OF PUe|pay FOR XC-35 FLIGHTS

. Flight |U‘|max Record Efficiency |U’lmax
distance

number m??;ﬁscd (miles) ratio °?ﬁ§ﬁsed
5 16.2 48.2 0.845 19.2
6 11.4 19.% . 756 15.2
7 28.2 42.1 .830 34.0
g 21.6 17.6 .730 29.6
9 18.0 9.5 . 350 21.2
10 24,5 12.4 .695 35.3
11 34.0 62.1 -&75 38.9
12 2%.9 43.9 835 3.6
13 22.0 11.3 .690 31.9
1k 5.7 15.8 .720 35.7
15 31.1 24.5 70 40 .4
16 15.9 10.& .685 23.2
1% 17.9 21.2 .755 23.7
19 14.1 26.3 .7%0 18.1
20 23.4 71.1 .795 29.4
21 16.7 22.5 .760 22.0
23 13.3 on. 8 .770 17.3
ol 21.0 15.3 .720 29.2
25 1%.6 12.2 . 700 26.6
26 13.2 12.8 . 700 18.9
27 25.1 20.5 . 750 33.5
28 184 23.4 .765 24,1
29 18.5 20.7 . 755 24.5
30 18.0 18.Q 735 2k.5
71 19.3 63.7 .875 22.1
33 3.5 2k.5 -~ .770 un. g
34 37.6 46.8 .840 AT
35 26.0 25.2 775 33.5
Mean 21.9 27.4% .769 28.4

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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